New Neandertal fossils from the Mousterian site of Cova Negra in the Valencia region of Spain are described, and a comprehensive study of the entire human fossil sample is provided. The new specimens significantly augment the sample of human remains from this site and make Cova Negra one of the richest human paleontological sites on the Iberian Peninsula. The new specimens include cranial and postcranial elements from immature individuals and provide an opportunity to study the ontogenetic appearance of adult Neandertal characteristics in this Pleistocene population. Children younger than 10 years of age constitute four of the seven minimum number of individuals in the sample, and this relative abundance of children at Cova Negra is similar that in to other Neandertal sites in Europe and southwest Asia. The recognition of diagnostic Neandertal features in several of the specimens, as well as their western European context and late Pleistocene age, suggests that all the human remains from Cova Negra represent Neandertals. The archaeological evidence from Cova Negra indicates sporadic, short-term occupations of the site, suggesting a high degree of mobility among Neandertals.
Introduction
The site of Cova Negra contains one of the most complete late Pleistocene stratigraphic sequences in Mediterranean Spain, with archaeological levels dating between the Riss/Würm interglacial (OIS 5e) and the initial Würm III (OIS 3). Cova Negra is also one of the richest Middle Paleolithic sites on the Iberian Peninsula in terms of the number of Neandertal remains recovered, and it is one of several sites in Valencia that have yielded Pleistocene human fossils (Arsuaga et al., 2001 (Arsuaga et al., , 2002 . The site is located on the left bank of the Albaida River in the municipality of Xàtiva in the region of Valencia (Fig. 1) . The cave is situated some 17 m above the current level of the river and is characterized by a large entrance and contains some 500 m 2 of surface area. Excavations have been carried out during three separate stages throughout the twentieth century.
In the early stage, three field seasons were conducted under the direction of G. Viñes between 1928 and 1933 . During the course of excavations, an adult human parietal bone (Parietal I) was discovered. The first detailed study of this fossil (Fusté, 1953 (Fusté, , 1958 emphasized its Neandertal affinities. In a later study, de Lumley (1973) regarded the Cova Negra specimen as middle Pleistocene in age, and, consequently, stressed its similarities with fossils that are today regarded as Homo heidelbergensis. However, the most recent study (Arsuaga et al., 1989a,b) again drew attention to the Neandertal affinities of the Cova Negra fossil.
Between 1950 and 1957, F. Jordá undertook five field seasons of excavation, opening 11 sectors of the cave (Fig. 2) , focusing primarily on the external areas, and reaching a depth of approximately 5 m in some areas. New human fossils were also recovered, including a permanent upper central incisor, a child's right mandibular fragment, and an associated lower second deciduous molar. Following the statements of de Lumley (1973) regarding the parietal bone, Crusafont-Pairó et al. (1976) argued that these remains belonged to the so-called ''Anteneandertal group.'' Nevertheless, the study by Arsuaga et al. (1989a,b) aligned them more closely with the Neandertals.
Finally, a third stage of excavations was directed by V. Villaverde between 1981 and 1991, with the aims of clarifying the stratigraphy and addressing new research paradigms developed in the intervening years after the previous excavations of Jordá. As a result of the most recent excavations, detailed studies have been published on the stratigraphy (Fumanal, 1986; Fumanal and Villaverde, 1988; Villaverde and Fumanal, 1990) , exploitation of the fauna (Villaverde and Martínez Valle, 1992; , analysis of microfaunal remains (Guillem Calatayud, 1996) , and analysis of combustion zones (Soler Mayor, 1996) , and thus a more thorough understanding of the nature of the occupation of the site has been possible (Villaverde et al., 1996) .
In 1987, as a consequence of screening sediments that had fallen from the stratigraphic profiles from the excavations of the 1950s, new dental and cranial remains were found (Bermúdez de Castro, 1992; Arsuaga et al., 2001) . However, it is not possible to assign a precise stratigraphic position other than ''Mousterian sediments'' for these specimens (Table 1) since the profile in this sector is more than 3 m in depth and includes levels 1e12. At the same time, new cranial and postcranial remains were recognized among the museum collections of the material recovered during the excavations conducted in the 1950s. These include a complete femur, a complete radius, a distal femoral diaphyseal fragment, two metatarsals, and a distal fibular fragment (Arsuaga et al., 2001) . Finally, in 1989, a second parietal bone (Parietal II) was found, along with a handwritten note dating to 1931 (during the excavations of Viñes), in a box deposited in the Museum of Prehistory in Valencia (Gracia et al., 1992) .
The excavation method used at Cova Negra during the 1950s consisted of removing artificially identified layers of sediment of between 5 and 20 cm in thickness. The sectors defined at the site varied in surface area, in some cases covering up to 40 m 2 (Fig. 2) . In general, scant attention was paid to the relationship between the archaeological material and the different stratigraphic units, complicating efforts to establish a firm correlation between the fossil remains recovered during these field seasons and the stratigraphic units defined during the excavations conducted in the 1980s. Nevertheless, accurately placing the Cova Negra remains within the stratigraphic profile and sector of the cave is fundamental to establishing their chronology and associations between different specimens. Table 1 and Figure 3 list all the human fossil specimens and their assignment to a particular layer and sector within the site, as well as the proposed chronology based on the correlation with the stratigraphic sequence established after the most recent excavations (Fumanal, 1995; Villaverde, 1995; Fumanal and Villaverde, 1997) . These correlations were established after considering the photographic documentation from the earlier excavations, the information provided in the excavation diary and field notes, and the present-day detailed knowledge of the general tendencies of the dips in the stratigraphy in the cave along its two major axes. In the case of Parietal II, found by Viñes in 1931 in the red sediments in his layer 12, the existence of a markedly red-colored layer (current layer VIII) widely distributed throughout the cave, allows us to suggest a precise stratigraphic assignment. Thus, all of the human remains from Cova Negra derive from Mousterian deposits and span the time range from OIS 5be3.
Here we provide a detailed description of the new cranial and postcranial fossils and a comprehensive study of the entire human fossil sample from Cova Negra. For comparative purposes, we have relied on personal observations and measurements, as well as published descriptions of immature late Pleistocene Neandertal and early modern human specimens from Europe and southwestern Asia. For the postcranial remains, we have relied on a skeletal sample of 22 modern children between the ages of two and six years at death that derive from the excavations of the Dominican Monastery of San Pablo in Burgos, Spain, and date to the late Middle Ages (thirteenth to fifteenth century). In addition, a small sample of medieval individuals from the Monastery of San Ildefonso in Segovia, Spain, were also measured to estimate the age at death for the metatarsals. Age at death in all of these medieval individuals was established by radiographic examination of the crown and root formation and comparison with standards in living humans (Moorrees et al., 1963; Anderson et al., 1976; Hillson, 1996) . Nevertheless, we acknowledge that our use of the medieval sample as the only modern human reference population limits the discussion of ecogeographic, specific, and/or populational variation. Finally, the cross-sectional properties of the long bones were computed using AUTOCAD version 2002.
Stratigraphy, dating, and archaeological context
The stratigraphic sequence from Cova Negra comprises 15 levels that span the late Pleistocene, representing six sedimentary phases (Fumanal, 1995; Villaverde, 1995; Fumanal and Villaverde, 1997) , which are briefly described below. The thermoluminensce (TL) dates provided for levels 4, 12, and 15 were performed at the Sedimentology Laboratory at Warsaw University (Poland) by H. Proszynska-Bordas and W. Stranska-Proszynska.
Cova Negra Phase A was warm and humid. The Albaida River introduced fluvial sediments into the cave, giving rise to the formation of levels of tufts with calcium-carbonate precipitations forming over plant elements. Archaeologically sterile, this phase coincides with level 15, and TL dating provides an age of 117 AE 17 thousand years. This phase, then, correlates with the Riss-Würm (OIS 5e).
Cova Negra Phase B begins cool and very humid and culminates with rigorous climatic conditions. These weathering processes contribute to a fragmentation of the cave walls L Fig. 2 . Site plan of Cova Negra indicating the surface area of the different excavation sectors. The sectors labeled with a letter represent those excavated in the 1950s, while the sections excavated in the 1980s are indicated by the year of intervention. The darkened sectors represent the areas that have yielded human fossils, with the number of fossils found within each sector indicated in brackets. In 1987, the sediments that had fallen from the stratigraphic profile in Sector E were cleaned, resulting in the discovery of additional human remains. These are the specimens whose stratigraphic provenience is labeled as ''Mouterian sediments'' in Table 1. and the presence of indigenous (i.e., limestone) elements in the sedimentary fill. This phase coincides with levels 14 and 13 and corresponds to Würm I (OIS 5d-b).
Cova Negra Phase C was warm with seasonal rainfall, allowing soil formation. This phase corresponds to the Würm IeII interstadial (OIS 5a) and coincides with level 12. Two TL dates have been obtained that provide unusually early ages of 96 AE 14 and 107 AE 16 thousand years.
Sedimentary evidence indicates that Cova Negra Phase D was a cold stage, including processes of gelifraction, which alternate with milder pulses. This phase corresponds to Würm II (OIS 4) and correlates with levels 11e5.
Cova Negra Phase E was warm and characterized by seasonal precipitations, which again stimulated soil formation. This phase is identified in the west sector of level 4 and corresponds to Würm IIeIII (OIS 3). Two TL dates exist, providing ages of 53 AE 8 and 50 AE 8 thousand years.
Cova Negra Phase F was the final one at the site and is capped by a level of disturbed sediments of variable thickness. This phase is characterized by cold and dry climatic conditions, which are manifested by the presence of fine-grained sediments. Phase F coincides with levels 3e1 documented in the western sector of the cave. Although repeated attempts to date levels 2 and 3 by 14 C AMS and U-Series analysis have been unsuccessful, this phase most likely corresponds to the initial Würm III based on its relative position within the stratigraphic sequence.
The Mousterian lithic industry from the different levels in Cova Negra is quite uniform, and is overwhelmingly dominated by side scrapers. The variation in reduction sequences and typological categories of the assemblage, in addition to the increased or decreased presence of certain types of scrapers, makes it possible to identify a stonetool industry in the lower levels that easily conforms typologically to the Quina variant of the Mousterian, with the notable presence of limaces, canted side scrapers, double side scrapers with a thinned back, and Tayac points, as well as denticulates and notched pieces (Phases B and C, levels 14e12). An increase in the use of the Levallois technique, associated with a loss of typological diversification, with a greater dominance of side scrapers and flat supports, allows us to identify the existence of a Paracharentian variant during OIS 5b (Phase D, level 11). This is followed by a thick packet of sediments with a stone-tool industry ascribed to the Quina variant (Phase D, levels 10e6), but of a larger size than that seen in the lower levels. Toward the end of OIS 4 and during OIS 3, a Paracharentian industial variant reappears, again showing an abundance of side scrapers and a moderate presence of the Levallois technique (Phases D and E, levels 5e4). Finally, the stone tools in the upper levels (Phase F, levels 3e1) also correspond to a Paracharentian variant of the Mousterian, similar to the preceding level 4 in both the high percentage of side scrapers and moderate presence of the Levallois technique. This final Mousterian at Cova Negra shows no technological changes toward the Upper Paleolithic that would allow us to speak of a transitional industry or even of an Upper Paleolithic influence. In fact, the late Mousterian from Cova Negra is remarkably conservative, being dominated by side scrapers and a low laminar component. The few Upper Paleolithic implements, which derive from the uppermost level of disturbed sediments, correspond to later phases and indicate that the sediments in Cova Negra do not preserve evidence of the earliest Upper Paleolithic stages and the arrival of modern humans in this region of the Iberian Peninsula.
Cranial remains
Although the state of preservation of most of the new cranial remains is quite good, their fragmentary nature limits the collection of metric data.
Parietal II (Figs. 4, 5) Parietal II from Cova Negra represents approximately the central/posterior half of a right parietal bone, with a maximum length of 97 mm (Fig. 4) . Only 35 mm of the sagittal suture are preserved, corresponding to the region of the parietal foramen. The sagittal suture in the region of lambda is irregular, which makes it difficult to precisely locate this craniometric point and suggests the existence of a lambdoidal ossicle. Both the external and the endocranial surfaces show significant taphonomic alterations, with an almost complete loss of both tables and a consequent reduction in bone thickness. The maximum bone thickness, 6.2 mm, is obtained in the anterior region of the fragment, at the level of the fissure of Rolando, and the thickness at the parietal protuberance is 5.5 mm.
Due to the taphonomic alteration of the endocranial table, only a few vascular impressions can be discerned on Parietal II. It is possible to identify part of the course of the lambdoidal branch of the meningeal system, with one of its derivatives, and the corresponding portion of the superior sagittal sulcus, which runs parallel to the preserved segment of the sagittal suture.
Despite the obvious difficulties, given that only a part of the sagittal suture is preserved, we believe it is possible to attribute a subcircular profile in norma occipitalis to the parietal vault of which Parietal II formed a part (Fig. 5) . The regularity of the curvatures in the preserved fragment and the absence of a distinct parietal protuberance lead us to this conclusion since these are traits that characterize the subcircular pattern in Neandertal parietal vaults. In this regard, the adolescent Parietal II is similar to the adult Parietal I from Cova Negra (Arsuaga et al., 1989a,b) .
Frontal and parietal fragments (CN 42164 a, b) (Fig. 6) These two fragments were assigned the same specimen number (CN 42164) in the field, but no anatomical connection exists between them, and it is not clear if they represent the same individual. Given this reservation, we have labelled the frontal fragment CN 42164a and the parietal fragment CN 42164b.
Specimen CN 42164a is a left fragment of frontal squama that does not reach the midsagittal plane. Its maximum dimensions are 43.7 mm in the sagittal plane and 34.3 mm in the coronal plane. Part of the maxillary process is preserved on the left side, as well as 5.3 mm of the border of the orbit. On the most medial part of the maxillary process, an ethmoidfrontal air cell (5.5 mm Â 2.8 mm Â 1.3 mm) can be seen. The bone thickness on the frontal squama at the most coronal point preserved (on the natural fracture) is 3.6 mm. In the region corresponding to the supraorbital torus, a change in color can be seen due to the elevated porosity in this area; the maximum thickness is 7.1 mm. On the most medial part of the incipient torus, there are two nutrient foramina. The morphology of the preserved squama is evenly convex, and, unlike modern immature specimens, there is no appreciable lateral protuberance. On the internal face, several cerebral impressions are visible, two of which are sagittally elongated and could correspond to part of the first and second frontal cerebral convolutions. Specimen CN 42164b is a parietal fragment of indeterminate side with a rectangular shape and maximum dimensions of 22.5 mm by 21.2 mm. On the external face, the presence of a fine striation leads us to situate it in the region of the parietal protuberance. Bone-thickness values vary between 3.3 mm and 5.1 mm.
Parietal fragment (CN 42170-7310) (Fig. 7A, F) This is a fragment of the lambdoidal region of a left parietal, lacking lambda and asterion. Externally, the maximum dimensions are 56.8 mm in the sagittal direction and 44.1 mm along the lambdoidal suture. In its lower half, an elongated, shallow depression can be observed parallel to the lambdoidal suture, which could be interpreted as part of the paralambdoidal depression. The thickness of the bone along the suture is 4.2 mm and reaches 4.5 mm in the region of the parietal protuberance.
Both the external and endocranial surfaces are well preserved. On the endocranial face, in addition to several impressions, a small part of the obelic branch of the middle meningeal artery, as well as secondary grooves from the lambdoidal branch, can be seen. On the external face, striations are visible radiating from the parietal protuberance; there are no indications of synostosis along the preserved length of the lambdoidal suture. This fragment articulates along the lambdoidal suture with the occipital fragment CN 42170-7312 (Fig. 7) .
Parietal fragment (CN 42170-7311) (Fig. 7D, G) This specimen is a left parietal fragment preserving part of the coronal suture and corresponding to the lower third of the bone, although it doesn't reach pterion. The length of the preserved suture is 15.4 mm, while the sagittal and coronal lengths are 56 mm and 43.5 mm, respectively. Bone thickness along the suture varies between 3.5 mm and 2.9 mm, while the rest of the bone presents similar values.
On the external table, the temporal lines can be discerned along part of their length, while the endocranial surface presents marked impressions and the sulcus for Breschet's sinus which measures 9.5 mm wide. The bregmatic and obelic branches of the middle meningeal artery can also be identified.
Occipital fragment (CN 42170-7312) (Figs. 7B, E, 8) This specimen is a left occipital fragment preserving 11.5 mm of the lambdoidal suture, with maximum diameters of 49.7 mm by 35 mm. The fragment doesn't reach the midline, and only the occipital plane is represented. The thickness of the bone at the suture is 4.6 mm, while near the center of the occipital squama, the fragment is almost 5 mm thick. The endocranial surface is deteriorated at the level of the occipital torus, and there are no traces of the transverse sinus, which may have passed below the level at which the bone was broken. This fragment articulates along the lambdoidal suture with the parietal fragment CN 42170-7310 (Fig. 7) .
On the medialmost portion of the occipital fragment, near the fracture line, there is a marked thickening of the bone, indicating the presence of an occipital torus. Above this, there is an irregularly shaped and well-defined depressed area, which clearly corresponds to the lateral portion of the suprainiac fossa (Fig. 8) . Below the torus, a concavity for the m. semispinalis capitis can be discerned. The morphology of the suprainiac fossa in the Cova Negra occipital fragment CN 42170-7312 is similar to the condition reported to characterize the very young Neandertal individuals from Dederiyeh (2 yr), Roc de Marsal (3 yr), La Chaise Suard, Engis 2 (6e7 yr), and La Quina H18 (8 yr) (Hublin, 1980; Madre-Dupouy, 1992; Akazawa and Muhesen, 2003) , indicating that this feature appears at a very early developmental age in Neandertals. At the same time, this anatomical structure is absent in the early modern human children Qafzeh 12 (3e4 yr) and Qafzeh 10 (6 yr), as well as the Gravettian specimen from the nearby site of Malladetes (5e7 yr) (Tillier, 1999; Arsuaga et al., 2002) . Tillier (1999) reported the presence of the outline of a suprainiac fossa in the somewhat older (12e13 yr) Qafzeh 11 individual, but our examination of a cast of this specimen does not support this contention.
While the suprainiac fossa has been cited as a derived Neandertal feature (Hublin, 1978 , it has also been documented in the African middle Pleistocene specimen Eyasi 1 (Trinkaus, 2004) , as well as the Magdalenian modern human specimen from Rond-du-Barry (Trinkaus, 2002) . Thus, it is apparently not restricted to fossils representing the Neandertal lineage, but it does occur at a much higher frequency among these hominids. Given the Mousterian archaeological context for the Cova Negra specimen, as well as its late Pleistocene age and western European geographic location, it is reasonable to assign Neandertal affinities to this occipital fragment.
Parietal fragment (CN 42170-7313) (Fig. 7C, H) This is a right parietal fragment preserved for 42.9 mm along one of the cranial sutures. This suture changes direction along its length, with an angle that indicates that the fragment could correspond to the region of either lambda or asterion. Although neither the external nor endocranial surfaces offer clear indicators of the anatomical position of the fragment, the presence on the endocranial surface of a light sulcus along the length of the shorter suture segment leads us to believe that it corresponds to the sagittal suture (with the sulcus corresponding to the superior sagittal sulcus) and that the fragment belongs to the region of lambda, which is preserved on the fragment. The dimensions of the fragment are 42.9 mm along the suture and 37.2 mm perpendicular to this. Bone thickness along the suture varies between 4.4 mm and 3.2 mm, and at the furthest point on the bone away from the suture it reaches 4.1 mm.
Parietal fragment (CN 42174) (Fig. 9) This specimen is part of a right parietal formed by five small fragments. The maximum coronal length of the fragment is 59.8 mm and the maximum sagittal length reaches 30.5 mm. Part of the lambdoidal suture is preserved for a length of 22.3 mm; asterion and a small portion of the parietomastoid region (18.5 mm long) are also preserved. Thickness at asterion is 4 mm; along the lambdoidal suture, the fragment reaches a thickness of 3.1 mm, and toward the parietal protuberance it measures only 1.8 mm. On the external surface, a slight paralambdoidal sulcus can be discerned, as can the posterior part of the inferior temporal line. On the endocranial face, several cerebral impressions can be seen, as well as the vascular grooves corresponding to the lambdoidal branch of the middle meningeal artery, which enter the parietal from the parietomastoid suture.
Parietal fragment (CN 42174a) (Fig. 10)
This is a fragment from the lambdoidal region of a left parietal, with dimensions of 38.7 mm in the sagittal direction and 33.3 mm in the coronal direction. It preserves 22.7 mm of the sagittal suture and 12.4 mm of the lambdoidal suture, including lambda. The thickness values are 4.2 mm at the sagittal suture, 5.1 mm at lambda, 4.4 mm at the lambdoidal suture, and 4.0 mm near the parietal protuberance. Both the ectocranial and endocranial surfaces are well preserved, and on the latter, a circular depression (Pacchioni's granulation) near lambda stands out, as does the impression for the sagittal sinus along the preserved length of the sagittal suture.
Parietal fragment (CN 42174b) (Fig. 11) This is a fragment of the central part of a right parietal, between the region of the parietal protuberance and the sagittal suture, but preserving neither of these anatomical structures. It is composed of three fragments and their maximum dimensions in the coronal and sagittal directions are 58.8 mm and 33.7 mm, respectively. The maximum thickness, near the region of the parietal protuberance, is 5.3 mm, and the minimum thickness, in the region nearest to the sagittal suture is 3.8 mm. On the external face, two semicircular depressions (18.6 mm apart) stand out, and have clearly collapsed the external table of the bone. The diameter of the lower depression is 2.8 mm. The upper depression is actually composed of two smaller depressions (each measuring 2.7 mm) in the form of a figure eight. There are no similar depressions on the endocranial surface.
The morphology and dimensions of the depressions on the external surface indicate that they may represent marks produced by the canines of a small carnivore. The separation between the canines and the diameter of the depressions discount carnivores the size of a fox or lynx, as well as small mustelids, such as a sable, but they are compatible with the values for badgers (N. García, personal communication), whose contact with these bones must have been postmortem.
Age at death and minimum number of individuals
The age at death of the cranial remains is difficult to establish with certainty, but a relative developmental stage can be established within the sample based on the bone thickness. Despite the fragmentary nature of most of the fossils, it is possible to measure the bone thickness at the parietal protuberance in many specimens.
The thickness at the parietal protuberance in the adult specimen Parietal I is the largest in the sample and is close to the upper limit among adult Neandertals (Arsuaga et al., 1989a,b) . All of the remaining Cova Negra cranial remains that can be compared show smaller values for the thickness at the parietal protuberance compared with the Parietal I specimen.
The CN 42174 specimen is thinner than any of the other Cova Negra specimens. The value for this specimen (1.8 mm) is well below the mean value in a sample of Neandertal children (Madre-Dupouy, 1992) and toward the lower end of the range of variation (mean ¼ 3.4 mm; s.d. ¼ 1.3; range ¼ 1.3e4.5 mm; n ¼ 5). The rest of the Cova Negra specimens show a range of thickness values (4.0e5.5 mm) that overlaps the upper limit of the immature Neandertals and the lower limit of a sample of Neandertal adults (mean ¼ 8.3 mm; s.d. ¼ 1.7; range ¼ 5.0e11.3 mm; n ¼ 12) (Wolpoff, 1980) . Among these specimens, the value for Parietal II is the largest. As mentioned previously, this specimen has suffered postmortem alteration to the external table, and the bone thickness should be considered to represent a minimum value. This suggests that Parietal II corresponds to a later developmental stage.
Thus, in addition to the adult specimen Parietal I (Arsuaga et al., 1989a,b) , three relative developmental stages can be established within the cranial remains. The earliest stage is represented by CN 42174 and the latest by Parietal II. Based on the growth trajectory of parietal thickness (Trinkaus, 2002) , it is possible to tentatively assign rough age categories for some of the Cova Negra specimens. For the thinnest specimen, CN 42174, an age of around 2 years is suggested. The Finally, within the group of cranial fragments whose suggested age at death may fall between 5 and 8 years, there are at least two individuals represented, based on the repetition of skeletal parts. The region of lambda is preserved on the left parietals CN 42170-7312 and CN 42174a. Therefore, the minimum number of individuals (MNI) represented among the cranial remains is five.
Dental remains
The Cova Negra dental remains include five deciduous and permanent teeth, representing three different individuals (Arsuaga et al., 1989a,b; Bermúdez de Castro, 1992) . Neandertal affinities have been suggested for the I 1 (CN 7856), based on the pronounced shoveling, lingual tubercle, and root length, and the for dm 2 (CN 7755) based on the presence of a posterior fovea and the tooth dimensions (Arsuaga et al., 1989a,b) . Three remaining teeth, all labeled CN 42175, most likely represent a single individual (Bermúdez de Castro, 1992) . The standard buccolingual and mesiodistal dimensions for all the Cova Negra teeth have been published previously (Arsuaga et al., 1989a,b; Bermúdez de Castro, 1992) .
Recently, the M 1 in Neandertals has been shown to possess derived characteristics that make it possible to assign isolated specimens taxonomically (Bailey, 2004) . Here we provide the analysis of the CN 42175 M 1 measured crown and cusp base areas, following protocols established in previous studies (Wood and Engleman, 1988; Bailey, 2004) . Further, given the recent identification of possibly derived Neandertal characteristics in several teeth (Bailey, 2002 (Bailey, , 2004 Bailey and Lynch, 2005) , we also provide the measured crown area and the cusp base areas for all of the Cova Negra postcanine teeth for future comparative studies.
The areas of the crown and individual cusps were measured in occlusal photographs with a calibrated scale following the techniques of previous studies (Wood and Engleman, 1988; Bailey, 2004) (Fig. 12) . The individual cusps were defined by tracing the tooth perimeter and main intercuspal fissures. In the case of the occurrence of accessory cusps, their areas were divided between the adjacent main cusps. Obviously, advanced tooth wear can both obscure the intercuspal fissures and reduce the mesiodistal dimensions, and this technique is most reliable on teeth that exhibit only minimal wear. Fortunately, the Cova Negra P 4 and M 1 are minimally worn, due to the young age at death, and the recognition of the individual tooth cusps is relatively straightforward. For the deciduous teeth, when the intercuspal fissures did not extend to the tooth margin, they were projected based on the course of the fissure before they became obscured. Corrections for interproximal wear along the tooth margins were made by tracing the main contours of the outline of the tooth and considering the buccolingual extent of the mesial wear facet. Finally, measured crown area was calculated by summing the areas of all the individual cusps.
The Cova Negra M 1 (CN 42175) measured crown area is 110.8 mm 2 . Unfortunately, data for the measured crown area in Neandertals and early modern humans is not currently available in the literature. However, comparison with the Parpalló 1 Solutrean modern human specimen (96.9 mm 2 ), from the same geographical region of the Iberian Peninsula (Arsuaga et al., 2001) , indicates that this individual has undergone a degree of dental reduction compared with Cova Negra. The value in Cova Negra is also slightly larger than the mean areas reported to characterize modern human males (104.5 AE 8.5 mm 2 ) and females (97.0 AE 10.3 mm 2 ), but it is within the range of variation (Macho and Moggi-Cecchi, 1992) .
In their relative cusp base areas, Neandertals have been reported to show a reduction in the metacone and an increase in the size of the hypocone compared with Upper Paleolithic and contemporary modern humans (Bailey, 2004) . The Cova Negra M 1 (Table 2 ) most closely resembles the mean values in the Neandertal sample in all of its relative cusp areas and shows the following order of cusp size: protocone > paracone > hypocone > metacone. The Solutrean modern human specimen from Parpalló has a slightly larger protocone, a slightly smaller paracone and metacone and a similarly sized hypocone and has the same cusp order as in the Cova Negra M 1 (Table 2) . Although both the relative sizes of the cusps and the cusp order seen in Cova Negra is most consistent with a Neandertal taxonomic assignment, the degree of overlap in relative cusp areas between samples makes the pattern seen in Cova Negra nondiagnostic.
Regarding the M 1 cusp angles, Neandertals are characterized by a higher value for the angle centered on the metacone (Angle C) and relatively lower values for the angles centered on the paracone (Angle B) and hypocone (Angle D) compared with contemporary modern humans; the angle centered on the protocone (Angle A) shows little difference (Bailey, 2004) . The Cova Negra M 1 (Fig. 12) shows a high value for Angle A, lower values for Angles B and D and only a modest value for Angle C ( Table 3 ). The value for cusp Angle C (the most diagnostic) is just slightly more than one standard deviation below the Neandertal mean and similar to the two Upper Paleolithic modern human individuals. Unfortunately, the Parpalló 1 specimen was too worn to reliably identify the original positions of the cusp tips, and thus the cusp angles could not be measured in this individual. The values for Angles B and D in the Cova Negra M 1 more clearly align the specimen with Neandertals.
The occlusal polygon area in the Cova Negra M 1 (Fig. 12 ) is defined by connecting the main cusp tips and measuring the enclosed area (Bailey, 2004) . Comparison of this occlusal polygon area with the measured crown area gives an estimate of the internal placement of the cusp tips, a feature said to be characteristic of Neandertal upper (Smith, 1989a; Bailey, 2004) and lower (Tattersall and Schwartz, 1999) deciduous and permanent first molars. The Cova Negra M 1 clearly shows these internally placed cusp tips (Table 4) , and the relative occlusal polygon area (26.9) is nearly identical to the Neandertal mean value, falling outside the known ranges of variation in other hominids. This is the most diagnostic indicator of Neandertal affinities for the Cova Negra M 1 . No comparative data are available for absolute or relative cusp sizes or measured crown area in the deciduous teeth. Nevertheless, some general comments can be made. Compared with the M 1 , the Cova Negra dm 2 (CN 42175) shows a relatively larger metacone and smaller paracone, while both the protocone and hypocone are similar in their relative sizes. Whether a primitive or derived morphology in the relative size of these cusps exists in the dm 2 is currently not known, and only further detailed studies of the deciduous dentition in the genus Homo can clarify this question.
Regarding the cusp angles in the Cova Negra dm 2 , Angle A (112.8
) and D (70.7 ) are quite similar to those in the M 1 , while the value for Angle B (79.7
) is much higher and that for Angle C (96.8 ) is much lower (Table 3 ). In the absence of comparative data, the meaning of these differences are not clear, but it appears that this tooth does not show the distinctive pattern of cusp angles seen in the Neandertal M 1 (Bailey, 2004) .
At the same time, the Cova Negra dm 2 shows a very low value for the relative occlusal polygon area (24.7), lower than in the Cova Negra M 1 and below the Neandertal mean (Table 4) , suggesting its cusp tips are relatively internally placed. A marked internal placement of the cusp tips has also been described in the dm 2 of the La Ferrassie 8 Neandertal infant (Schwartz and Tattersall, 2002) . The Cova Negra M 1 and the dm 2 , then, follow somewhat different patterns in relative cusp size, and cusp angles, but both show a relatively internal placement of the cusp tips. Given the strong developmental correlation between the M 1 and the dm 2 , this is perhaps not surprising (Smith, 1989b) .
The measured crown area in the Cova Negra P 4 (CN 42175) is 55.8 mm 2 (Table 5 ) and the relative areas of the protocone (49.1%) and paracone (50.9%) are roughly equal. The Cova Negra dm 2 (CN 7755) shows the following size order of the main cusps: metaconid > protoconid > hypoconid > hypoconulid > entoconid (Table 5 ). The occlusal polygon area defined by the five major cusps is 25.2 mm 2 and the relative occlusal polygon area, adjusted for measured crown size, is 35.8.
Thus, the Cova Negra M 1 has revealed clear Neandertal affinities in its relative occlusal polygon area. Other measures in this same tooth proved less diagnostic, but are compatible with a Neandertal classification. Although there are currently no comparative data available, the dm 2 also appears to show an internal placement of the cusp tips and this could indicate Neandertal affinities in this tooth as well. Given that both teeth have been attributed to the same individual (Bermúdez de Castro, 1992) , this would suggest that both the deciduous and permanent teeth have ''tracked'' one another morphologically (Smith, 1989b) .
Postcranial remains
A total of seven postcranial remains 1 , all representing immature individuals, derive from the Mousterian levels of Cova Negra (Table 1) . In general, the state of preservation is good, with little erosion of the surface and/or no important losses of bone. The best-preserved specimens are a right femur, composed of two pieces (CN 42168 and CN 42169), which we have designated Femur I; a right radius (CN 42165); and two metatarsals (CN 42166 and CN 42167) . The remaining two fossils are a distal fibular fragment (CN 42171) and a distal femoral diaphyseal fragment (CN 42318).
Radius (CN 42165) (Figs. 13, 14) This is a complete right juvenile radial diaphysis that has been broken into two pieces and is missing both unfused epiphyses. The two fragments perfectly articulate at the level of the nutrient foramen, and the break is perpendicular to the diaphyseal axis. The state of preservation is very good, with only slight erosion in the proximal region of the diaphysis.
Age at death. Determining the age at death in fossil individuals is always difficult and is further complicated in the case of isolated postcranial elements. Since the unfused epiphyses were not preserved, we have relied on the maximum intermetaphyseal length to approximate the age at death in this specimen using data derived from living populations (Krogman and Isçan, 1986; Bass, 1987; Scheuer and Black, 2000) . For comparative purposes, we have also studied the radii in a dentally aged skeletal sample of 18 medieval Spanish children between the ages of one and six years at death (Table 6 ). To study the age-related changes in the radius, we have further split this sample into two groups according to age, one group with individuals between 2 and 3.9 years and a second group with individuals between 4 and 6 years.
The value of 119.4 mm in Cova Negra would correspond to an age at death of 3.5e4.0 years, depending on the sex of the individual (Scheuer and Black, 2000) . An age at death of around 4 years can also be estimated for this specimen, with a 95% probability of being between 3e5 years, using data from Krogman and Isçan (1986) , while the data in Bass (1987) yield a somewhat older estimate of 4.5e5.5 years. Finally, compared to the medieval Spanish sample, the radial length in Cova Negra is similar to the mean value in the older grouping of children between 4 and 6 years of age, and within this group is most similar to those individuals between 5 and 5.5 years old. On balance, relying on modern human standards suggests an age at death of 4e5 years for this Cova Negra individual.
However, given that adult Neandertals have relatively short radii (Trinkaus, 1983) , it is important to consider the ontogenetic trajectory of this characteristic when estimating an age at death in juvenile Neandertals based on radial length. It is possible that the age at death could be underestimated in immature European Neandertal individuals when modern human reference standards for radial length are employed. In light of this, comparison with other late Pleistocene juvenile fossils (Table 6 ) for which a dental-age determination is also possible is perhaps more appropriate. The Cova Negra specimen is much longer than both the Neandertal children Dederiyeh 1 (ca. 2 yr) (Kondo et al., 2000; Kondo and Dodo, 2002; Sasaki et al., 2002) and Roc de Marsal (ca. 3 yr) (Tillier, 1983; Madre-Dupouy, 1992) . Unfortunately, La Ferrassie 6, with a postcranial age estimated at 3e5 years (Heim, 1982a; Tompkins and Trinkaus, 1987) , lacks a complete radius. The Cova Negra specimen is long compared with the 4.0e 4.5-year-old modern human individual Skhul 1 (103 mm) (McCown and Keith, 1939) , as well as the 4e5-year-old Lagar Velho child from Portugal (105.5 mm) (Hillson, 2002; Holliday et al., 2002; Trinkaus et al., 2002a) . Although data are scarce, these comparisons clearly suggest a somewhat older age at death for the Cova Negra specimen, perhaps 5e6 years.
The ontogenetic appearance of radial shortening in Neandertals is currently difficult to determine due to the significant variation apparent in the very few specimens in which it can be accurately measured. The neonatal Neandertal specimen La Ferrassie 4bis shows a radial length (56 mm) that does not differ from that of modern human neonates (Heim, 1982a; Scheuer and Black, 2000) . Nevertheless, the brachial index in this same specimen (76.2) is significantly lower than the values reported for living human neonates (Heim, 1982a) , suggesting a relatively, but not absolutely, shortened radius. The slightly older Roc de Marsal infant also shows a low brachial index (71.1), and when the data for radial length in modern human children (Scheuer and Black, 2000) are applied to the Roc de Marsal child, the resulting age estimate (1.5 years) is indeed significantly lower than that estimated based on the dentition (ca. 3 years), suggesting a relatively short radius in this individual (Madre-Dupouy, 1992) . However, the Dederiyeh 1 Neandertal child (ca. 2 years old) from southwestern Asia does not seem to follow this pattern, and the age at death estimated from the radial length (Scheuer and Black, 2000) coincides with that estimated by dental formation (Kondo et al., 2000; Kondo and Dodo, 2002; Sasaki et al., 2002) . The brachial index in Dederiyeh 1 (right ¼ 78.7, left ¼ 76.3) is also relatively high, above the mean in three samples of modern human children (Kondo and Dodo, 2002) . Kondo and Dodo (2002) noted that the differences between Roc de Marsal and Dederiyeh 1 would represent a wide range of variation in the brachial index among immature Neandertals, a situation also seen among adult Neandertals and interpreted as a product of ecogeographic variation (Trinkaus, 1981 (Trinkaus, , 1983 Heim, 1982b; Holliday, 1997 Holliday, , 1999 Holliday and Ruff, 2001 ). The European context of the Cova Negra specimen might suggest that this individual follows the pattern described above for the Roc de Marsal infant in having a relatively short radius for its age. Nevertheless, the very small Neandertal child sample renders any firm conclusions regarding radial shortening premature, and an age at death of around 5 years for the Cova Negra specimen is compatible with that estimated on the basis of modern human reference standards of radial growth and the evidence available from other late Pleistocene juvenile fossils.
Comparative metric and anatomical description. One of the most best-known traits of the radius in adult Neandertals is the medial orientation of the radial tuberosity, in contrast to the more anterior or anteromedial orientation in living humans (Trinkaus and Churchill, 1988) . Four relative positions of the Heim (1982a,b) . 3 Kondo and Dodo (2002) . 4 Dentally aged medieval skeletons from San Pablo Monastery (Spain). 5 Taken as in Senut (1981) ; variable N 2. Taken from the superior margin of the head to the most proximal point of the radial tuberosity (Maia Neto, 1957) . 6 The fracture is located 50.3 mm from the most proximal point on the bone and 69.0 mm from the most distal. tuberosity have been defined based on incomplete radii. In the immature radius from Cova Negra, the radial tuberosity is clearly aligned with the interosseous crest ( Fig. 13) and is thus medially oriented. The Cova Negra fossil is similar to the Neandertal children Dederiyeh 1, Roc de Marsal, and La Ferrassie 6 (Heim, 1982a; Madre-Dupouy, 1992; Akazawa et al., 1995; Dodo et al., 1998; Kondo and Dodo, 2002) , confirming that this medial orientation is a Neandertal feature that appears early in ontogeny.
The robusticity index of the Cova Negra radius (18.4) is low compared with both Dederiyeh 1 (22.0e22.6) and Roc de Marsal (23.6). Given the similar values in midshaft perimeter among all of the fossil specimens, this result is due primarily to the differences in radial length. The robusticity index in Cova Negra is more than two standard deviations below the modern human mean in the older subgroup (Table 6 ), while both Roc de Marsal (ca. 3 yr) and Dederiyeh 1 (ca. 2 yr) have robusticity indices that are identical to or very near the mean in the younger modern human subgroup. The modern human samples show no statistical difference between the younger and older age groups in their robusticity index, and in contrast to the fossil specimens, both the length and the midshaft perimeter increase with age. Although the sample size is small, the growth process in the Neandertal radial midshaft seems to differ from that of modern humans. Nevertheless, it is possible that comparison with modern human series showing a shortening of the radius for ecogeographical regions would reveal a similar pattern to the Neandertals.
In the Cova Negra specimen, the diaphysis is somewhat flattened in the dorsovolar direction, yielding a low diaphyseal index that is similar to the Roc de Marsal and La Ferrassie 6 Neandertal radii, and approximately one standard deviation below the mean of the older subgroup of medieval Spanish children (Table 6) .
Lateral curvature (bowing) of the radial shaft is a characteristic trait of adult Neandertals, and although it is not very pronounced in individuals such as Dederiyeh 1 (Kondo and Dodo, 2002) and Roc de Marsal (Madre-Dupouy, 1992) , it is well developed in Kiik Koba (Vlcek, 1973) and La Ferrassie 4bis, 6, and 3 (Heim, 1982a) . Compared with our samples of modern children, the external-curvature index in Cova Negra (3.4; see Table 6 ) is well above the means of both the younger and older subgroups, which are nearly identical (2.5 and 2.1). At the same time, the CN curvature-index value is closer to, but also above, the adult male and female means (male mean ¼ 3.20 AE 0.6, n ¼ 248; female mean ¼ 3.15 AE 0.66, n ¼ 214) in a large sample of modern human radii (Maia Neto, 1957) . In our small sample of recent children, the shaft-curvature index does not change significantly between 1 and 6 years of age, indicating that the adult values only appear later in ontogeny. The small sample of juvenile Neandertals, including the Cova Negra specimen, indicates that, on average, this group of hominids is characterized by a more marked lateral curvature than recent children of the same age, but as in modern humans, the adult values of curvature (European Neandertals ¼ 6.1 AE 1.3, n ¼ 5; Vandermeersch and Trinkaus, 1995) are only attained later on in the ontogenetic process.
The angle formed between the diaphysis and the neck in the Cova Negra specimen (167 ; Table 6 ) is somewhat lower than in the Roc de Marsal (173 ) and La Ferrassie 6 (170 ) specimens, but all of the Neandertal values are similar to the mean values reported for modern human children and adults (Carretero et al., 1999) .
A relatively long radial neck is a primitive condition among Pleistocene Homo, and it is present in most Neandertals (Trinkaus, 1983; Vandermeersch and Trinkaus, 1995) , as well as in European early and middle Pleistocene fossils (Carretero, 1994; Carretero et al., 1999) , but not in modern humans. The relative neck length of the Cova Negra radius (M1a/M1 ¼ 13.3) is similar to that of Roc de Marsal, Qafzeh 10, and Skhul I [ca. 13.3 according to Trinkaus et al. (2002a) ], all of which are very similar to the proportions of recent children (Table 6 ) and modern adults (male mean 14.0 AE 0.9, n ¼ 243; female mean 13.7 AE 0.9, N ¼ 213; Maia Neto, 1957; Carretero et al., 1999) . A long radial neck has been reported to characterize the somewhat older Hortus 43 (ca. 9 yr), La Ferrassie 3 (ca. 10 yr), and Macassargues (ca. 13e14 yr) specimens (de Lumley, 1973; Heim, 1982a) . Thus, the long radial neck typical of adult Neandertals appears to develop at a later age than that represented by the Cova Negra specimen, although more comparisons are needed to confirm this hypothesis.
The distal epiphysis of the Cova Negra radius is wider than in Roc de Marsal or Dederiyeh 1, probably due to ontogenetic age differences. When the width and thickness values are combined and compared with radial length, both Roc de Marsal and Dederiyeh 1 show relatively larger distal epiphyses than the younger subgroup of medieval Spanish children. In the Cova Negra specimen, however, the value for this index (24.9) is nearly identical to that calculated for Lagar Velho 1 (25.1) (Trinkaus et al., 2002a) and is the same as the mean value (24.9) for the older subgroup of modern children.
Since the age at death of Cova Negra falls between younger and older Neandertal specimens, it aids significantly in elucidating the ontogenetic pattern of several characteristics in the adult Neandertal radius. The medial orientation of the radial tuberosity appears at a very early age and is present in the Dederiyeh 1 individual (ca. 2 yr) from southwestern Asia and in the Roc de Marsal specimen (ca. 3 yr) from Europe. Thus, the presence of a medially oriented radial tuberosity in the Cova Negra specimen is not surprising. Furthermore, a pattern of growth distinct from that documented in modern humans could characterize the Neandertal radial midshaft. Nevertheless, this Neandertal pattern is not evident in the younger individuals, and comparisons with a wider range of modern series are necessary to draw a more definitive conclusion. In contrast, the lengthening of the radial neck is not present in the Cova Negra specimen, but it is apparent in La Ferrassie 3 (ca. 10 yr), indicating a later ontogenetic appearance of this characteristic. Unfortunately, the relative shortening of the Neandertal radius cannot be definitively addressed in the Cova Negra specimen due to the considerable variation in the currently small sample of Neandertal children.
Cross-sectional properties. The Cova Negra radius is fractured perpendicular to the long axis of the bone at a point corresponding to 58% of the maximum length from the distal end and shows very thick cortical bone in the middle of the diaphysis. Although this is not a standard position to measure the cross-sectional properties, it is halfway between the 50% and 65% standard positions defined by Ruff (2000) . At this level, the total area of the cross section in the Cova Negra specimen is 37.4 mm 2 , the cortical area is 34.2 mm 2 , and the percent cortical area is 91.4% (Fig. 14) . The only comparative data available are from the Lagar Velho individual (Trinkaus et al., 2002a) , which shows much lower values for percent cortical area at midshaft (62.3%) and at the 65% level (52.0%), suggesting an important difference in cortical bone deposition between these two specimens.
The presence of thick cortical bone is a well-known characteristic of all the representatives of the genus Homo, with the exception of H. sapiens. While this characteristic is clearly present in adult specimens, it also manifests itself at an early developmental age in the early and middle Pleistocene hominids from the Gran Dolina and Sima de los Huesos sites in the Sierra de Atapuerca (Carretero et al., 1997 (Carretero et al., , 1999 , as well as in very young Neandertal individuals such as Kiik-Koba (5e12 months), Dederiyeh 1 (ca. 2 yr), and La Ferrassie 6 (3e5 yr) (Vlcek, 1973; Heim, 1982a; Trinkaus, 1983; Ruff et al., 1994; Akazawa et al., 1995; Dodo et al., 1998; Kondo et al., 2000) . The Cova Negra specimen confirms this early ontogenetic appearance in Neandertals.
Stature estimation. Stature estimation based on radial length has been performed relying on a regression equation (Telkkä et al., 1962) previously applied to the Dederiyeh 1 Neandertal infant (Kondo et al., 2000) . Given that the sex of the Cova Negra individual is unknown, we have calculated the stature based on both male and female individuals and averaged the results, providing a stature estimate of 100.1 cm for the Cova Negra specimen. This value falls among the means for 5-year-old modern children (Marrodán et al., 2003; Ortega and Meléndez, 2003) and, as expected from the absolute radial length, is greater than that calculated for the Neandertal infants from Dederiyeh 1 (81.7 cm), Roc de Marsal (82.3 cm), and La Ferrassie 6 (83.4 cm), as well as the early modern human child Skhul 1 (89.4 cm) and the Gravettian child from Lagar Velho (94.5 cm).
Fourth metatarsal (CN 42166) (Fig. 15) This is a complete immature left fourth metatarsal that exhibits only slight erosion on the medial face of the base. Although the distal epiphysis is missing (unfused at the time of death), the morphology of the distal surface suggests that the ossification center of the epiphysis was present. Therefore, the age at death of this individual would be greater than 2 years. The maximum length is 34.6 mm ( Table 7) . Comparison of the maximum length of the Cova Negra metatarsal with that of recent humans, as well as published fossil specimens representing both Neandertals and early modern humans (Fig. 16) , suggests an age at death of between 5 and 8 years.
The diaphysis is straight, with no sign of torsion, and the plantar concavity is slightly deeper than that seen on CN 42167 (see below). The articular surfaces for the third and fifth metatarsals are visible on the medial and lateral faces of the base, respectively. The proximal face of the base also shows the articular surface for the second cuneiform. The fourth metatarsals of Neandertals are very similar to those of recent humans (Trinkaus, 1978 (Trinkaus, , 1983 , and since the length and robusticity of the bone change during growth, this metatarsal offers no diagnostic taxonomic information. Based on the similar ages at death, this specimen very likely belongs to the same individual as the third metatarsal described below (CN 42167).
Third metatarsal (CN 42167) (Fig. 17) This is a juvenile left third metatarsal that exhibits only slight erosion on the medial and lateral surfaces at its base. Since the unfused distal epiphysis is also missing on this specimen and the ossification center seems to have been present, a similar age at death can be estimated for this bone as for the metatarsal CN 42166 (see above). The maximum length of the bone is 34.8 mm ( Table 7) . Comparison of the maximum length of the Cova Negra metatarsal with those of recent humans, as well as published fossil specimens representing both Neandertals and early modern humans (Fig. 16) , again suggests an age at death of between 5 and 8 years. The diaphysis is straight, with no torsion and a slight plantar concavity. The articular surfaces for the second and fourth metatarsals are slightly developed on the medial and lateral surfaces of the base. The proximal face of the base, which articulates with the third cuneiform, can also be distinguished. As mentioned above with regard to the fourth metatarsal, the third metatarsals of Neandertals are also very similar to those of recent humans (Trinkaus, 1978 (Trinkaus, , 1983 , and the Cova Negra metatarsals are thus taxonomically uninformative.
Femur I (CN 42168 and CN 42169) (Figs. 18, 19)
These two specimens form a well-preserved and complete immature right femoral diaphysis, designated Femur I. The fracture along which the two pieces join is perpendicular to the diaphyseal axis of the bone. Although both of the unfused epiphyses are missing, the metaphyseal surfaces are perfectly preserved.
Age at death. As was the case for the radius, maximum femoral length (M1 ; Table 8 ) is the best metric variable to estimate the age at death for this individual. Since the unfused epiphyses were not preserved, the maximum length in Cova Negra Femur I is equivalent to the maximum intermetaphyseal length. The length of Femur I (205 mm) falls between the mean length for the 3-year-old (200.3 mm) and 3.5-year-old (212.1 mm) categories in Scheuer and Black (2000) , and an age at death estimate of between 2 and 4 years of age is indicated by the data reported by Krogman and Isçan (1986) . At the same time, the Cova Negra femoral length is well above the mean for modern children between 2.5 and 4 years old reported by Madre-Dupouy (1992) and Kondo and Dodo (2002) . Compared with the dentally aged sample of medieval Spanish children, the maximum length in the Cova Negra specimen is nearly identical to the mean for the 4e6-year-old subsample and is slightly more than one standard deviation above the mean of the 1.0e3.9-year-old subsample.
However, given that limb-length proportions (limb length to stature and between limb-bone lengths) in Neandertals are different from the average for modern humans (Vlcêk, 1972; Trinkaus, 1981 Trinkaus, , 1983 Heim, 1982a,b; Madre-Dupouy, 1992; Dodo et al., 1998; Kondo and Dodo, 2002) , the Cova Negra femur may be short in comparison with modern children of the same ontogenetic age. Comparison with other late Pleistocene juvenile Homo fossils reveals that the Cova Negra femoral specimen is much longer than the Neandertal specimens Roc de Marsal (163.0 mm), La Ferrassie 6 (164.0 mm), and Dederiyeh 1 (159.7 mm), as well as the Magdalenian modern human specimen La Madeleine 4 (181.0). It is only slightly longer than Lagar Velho (198e199 mm) and Skhul 1 (ca. 200 mm) (McCown and Keith, 1939) , both of which were between 4 and 5 years of age at death. Cova Negra is also much shorter than the 6-year-old Qafzeh 10, but the maximum length in this specimen includes the epiphyses. Thus, it appears that the best age-at-death estimate for Femur I, based on both modern human reference standards and comparison with other late Pleistocene fossil specimens, is around 5 years.
In addition to femoral length, the morphology of the metaphyseal surfaces provides relevant information for establishing the age at death. In modern children, the single growth plate of the femoral neck divides into two separate metaphyseal growth surfaces for the head and greater trochanter by 2 years of age (Scheuer and Black, 2000) . The femoral neck is well defined in the Cova Negra specimen, and the size and morphology of the metaphyseal surfaces indicate that the ossification centers for the head and greater trochanter, as well as the distal epiphysis, had already appeared. In extant humans, the Tillier (1999) , and the present study.
center of ossification of the greater trochanter appears between 2 and 5 years of age, with girls several months ahead of boys (Krogman and Isçan, 1986; Scheuer and Black, 2000) . Furthermore, the metaphyseal surface of the lower end changes with age. By 3 years of age, the lateral surface projects more anteriorly than the medial surface, and by 4e5 years, trochlear and condylar areas can be distinguished on the metaphyseal surfaces. Both of these conditions are seen in Femur I. In sum, applying both metric and developmental criteria to the Cova Negra Femur I suggests an age at death of around 5 years.
Comparative metric and anatomical description. The femoral diaphysis is not markedly curved in either the anteroposterior or mediolateral planes, and distally, the popliteal area is only poorly excavated (Fig. 18) . The anterior shaftcurvature subtense (2.5 mm) is similar to that of La Ferrassie 6 (2.5 mm), but below that of Roc de Marsal (5.0 mm) and Dederiyeh 1 (4.0 mm). The index of the subtense to the chord length (130 mm) in Femur I (1.9%) is also lower than in Dederiyeh 1 (3.4%), but it is much closer to the mean of a sample of modern children (1.8%, n ¼ 23; Kondo and Dodo, 2002) . The curvature of the femoral shaft in adult Neandertals is generally marked, but there is a wide range of variation (Heim, 1982b; Trinkaus, 1983) . As seen in both Cova Negra Femur I and Dederiyeh 1 (Kondo and Dodo, 2002) , the range of variation in femoral shaft curvature among immature Neandertals seems to be as great as in adult specimens.
The robusticity index (the ratio of the midshaft circumference to the maximum length) of Femur I (22.9) is not especially high compared with either the mean of the older subsample of medieval Spanish children (22.4; Table 6) or that reported by Kondo and Dodo (2002) for a sample of somewhat younger children (3e4 years, mean ¼ 22.6).
The robusticity index in the immature Neandertals Roc de Marsal (25.2), La Ferrassie 6 (right ¼ 26.2, left ¼ 25.9), and Dederiyeh 1 (27.6) are slightly above the mean value of the younger modern human subgroup (Table 6 ). At the same time, the robusticity index in these specimens is much higher than those of the early modern human specimen Qafzeh 10 (18.8) and the late Pleistocene children of La Madeleine 4 (21.5) and Lagar Velho (right ¼ 22.5, left ¼ 22.6) ( Table 8 ). The robusticity index gradually declines with age in modern humans, and the Cova Negra specimen, as well as the other Neandertal specimens, suggests a similar trend.
On the posterior face of the proximal region of the diaphysis, a slight depression corresponding to the subtrochanteric or hypotrochanteric fossa is observed. This is a well-known feature that is present in all the primitive adult and subadult femora from the genus Homo, including all adult and immature middle Pleistocene femora from the Sima de los Huesos (SH) at Atapuerca. In modern humans, this feature is variable but less frequent than in the fossil femora, and the frequency of occurrence is greater in children and juveniles than in adults (Aiello and Dean, 1990 ). In the Cova Negra specimen, the diaphyseal cross section below the lesser trochanter is slightly platymeric, flattened in the anteroposterior direction, as reflected by its low meric index (82.9) (Table 8) . However, the large range of variation within the fossil subadults does not follow clear taxonomic divisions, and a similar range of variation is seen in modern human children.
The central region of the diaphysis in the Cova Negra specimen shows a nearly circular cross section, in which the mediolateral diameter is only slightly greater than the anteroposterior diameter. The diaphyseal index at midshaft (pilastric index) (Table 8 ) reflects this morphology, and the values in the Cova Negra, Roc de Marsal, La Ferrassie 6, and Dederiyeh 1 and 2 specimens are all near 100, contrasting with those of Qafzeh 10 (105.6) and Skhul I (112.9), and falling well below the means in both subsamples of modern children (Table 8 ) (McCown and Keith, 1939; Kondo and Dodo, 2002; Kondo and Ishida, 2002) . Nevertheless, the values in the early modern human individual Skhul VIII (94.1; McCown and Keith, 1939) and the more recent specimens from La Madeleine 4 (96.0), Lagar Velho (right ¼ 97.9; left ¼ 91.2; Table 8 ), and Yamashita-cho (100.6; Trinkaus and Ruff, 1996) are similar to those of immature Neandertals, indicating the presence of considerable variation in this index.
In the Cova Negra specimen, the linea aspera is only faintly marked, and there is no indication of a pilaster, which is normal in a juvenile of this age. Among the late Pleistocene specimens from Lagar Velho (Trinkaus et al., 2002b) , La Madeleine (Heim, 1991) , and the east Asian Yamashita-cho I juvenile (Trinkaus and Ruff, 1996) , the former two do not possess a pilaster, while in the latter, an incipient femoral pilaster is present. The rounded cross section of the midshaft, the faint development of a linea aspera, and the absence of a pilaster is the morphology observed in virtually all immature and adult Neandertals. On the contrary, a more triangular cross section (higher pilastric index) is common in living children and adults in which the anteroposterior diameter is greater than the mediolateral diameter, and the linea aspera tends to be well marked and situated on a well-developed pilaster.
Although there is a marked contrast between Neandertal and early modern human adults in the development of the pilaster, given the amount of geographical and chronological variation within samples, it is not easy to establish when this pattern emerged during the course of development. Trinkaus et al. (2002b) suggested that, given the variable values for Neandertal and early modern human preadolescent pilastric indices, the adult pattern probably emerged during adolescence in both species. Nevertheless, variation in the pilastric index in Neandertal children is much lower than in the early Homo sapiens sample, so the possibility exists that the adult femoral pattern was established sooner in Neandertals and was more variable in modern humans until adolescence. In any event, the Cova Negra specimen shows the same rounded cross section and absence of a pilaster (low pilastric index) that characterizes adult Neandertals.
The neck-shaft angle of Femur I (126 ) is close to those of other Pleistocene and recent human children and is unremarkable among the Pleistocene juveniles (Table 8 ). This value is also very similar to those found in samples of adult modern human foragers (four groups) and agriculturalists (11 groups), and it is below the means for six urban adult samples (Trinkaus, 1993) . However, the neck-shaft angle decreases during the first decade of life to reach adult values during adolescence, and adult Neandertals exhibit a consistent pattern of relatively low femoral neck-shaft angles compared to most recent human samples, with values close to the lower limits of the range of variation (Trinkaus, 1993) . It is possible, then, that the neckshaft angle in Femur I would have decreased with age to reach the low values of adult Neandertals (120.4 AE 3.7, n ¼ 10; mean calculated using the raw data from Trinkaus, 1993) . The decrease in this angle during development has been argued to reflect overall activity patterns (Trinkaus, 1993; Anderson and Trinkaus, 1998; Trinkaus et al., 2002b) , but the significant variation in living children (Tillier, 1999) makes it difficult to establish clear functional/morphological interpretations related to physical activities.
The neck of Femur I is also broad, and the anteroposterior diameter (20.0 mm) exceeds the superoinferior diameter (18.5 mm) (Table 8 ). In contrast, the anteroposterior diameter is somewhat smaller than the vertical one in both of the subgroups of modern children (Table 8) . The neck length, measured as the direct distance from the most medial point of the lesser trochanter to the medial border of the neck in posterior view, is 26.5 mm in Femur I, a very large value compared with samples of recent children. Although values for neck length have been reported for other immature fossil specimens, Fig. 19 . Cross section of the Cova Negra Femur I at the level of the break (65% of bone length). Scale ¼ 2 cm. Heim (1982a,b) . 3 Kondo and Dodo (2002) . 4 Tillier (1999) . 5 Heim (1991) . 6 Trinkaus et al. (2002b) . 7 Dentally aged medieval skeletons from San Pablo Monastery (Spain). 8 Direct distance from most medial point of lesser trochanter to medial neck border taken in posterior view. 9 The fracture is located 73 mm from the most proximal point of the bone (64.4% of the total length of the bone).
the precise measurement definition is rarely stated (MadreDupouy, 1992) , limiting comparative analysis. Relative to the maximum length, the Cova Negra femoral neck is less robust than those of the two Neandertal children from Dederiyeh (Kondo and Dodo, 2002; Kondo and Ishida, 2002) , but it is more robust than that of either of the modern specimens from Lagar Velho or Qafzeh 10 (Table 8) . Finally, the Cova Negra value falls between the means for the two subgroups of modern children. The bicondylar angle of Femur I (6 ) is similar to that of other immature Pleistocene humans such as La Ferrassie 6 (4e5 ; Table 8 ) and the early adolescent KNM-WT 15000 (8 ; Tardieu and Trinkaus, 1994) . Although this angle is lower in Femur I than in Qafzeh 10 (12e15 ; Tillier, 1999) , it is well within the range of variation of articular bicondylar angles for adult recent and Pleistocene humans, which do not differ significantly (Tardieu and Trinkaus, 1994) .
Cross-sectional properties. The Cova Negra femur presents a natural fracture perpendicular to the diaphyseal axis, 73 mm from the most proximal point of the bone and located very close to the 65% level (64.4%), as defined by Ruff and Hayes (1983) (Fig. 19) . In adult femora, the absolute cortical area reaches a maximum in the 65% section (Ruff and Hayes, 1983) , although differences between the 65% and 50% sections are not very large. The percent cortical area in Cova Negra Femur I at the 65% location (78.5%) ( Table 9 ) is much higher than in the Lagar Velho femur at the same level (right ¼ 59.4%, left ¼ 60.4%; Trinkaus et al., 2002b) and is above the mean calculated by us (70.0%) from the raw data from a large sample of modern human adults (Ruff and Hayes, 1983) . The value in the Cova Negra specimen is also higher than that seen in the modern human Yamashita-cho individual (68.6%) at midshaft. Compared with other juvenile Neandertals, the percent cortical area of Femur I at the 65% level is slightly higher than that seen at midshaft in Dederiyeh 1 (right ¼ 71.6%, left ¼ 74.2%), is almost identical to La Ferrassie 6 (78.8%), but is less than that in the older Teshik-Tash specimen (87.8%). Due to diverging growth curves in the medullary area and total area of the femoral diaphysis in modern humans, the relative cortical thickness at midshaft is smaller in modern juveniles than in adults (Ruff et al., 1994) . The slight differences in percent cortical area between Cova Negra and the mean value for the adult Neandertal sample supports the suggestion that Neandertals follow a different growth pattern than that documented for modern humans (Ruff et al., 1994) .
Body-size. Lower-limb articular size has been shown to be correlated with body mass in humans (McHenry, 1974 (McHenry, , 1992 Ruff et al., 1991 Ruff et al., , 1997 Grine et al., 1995) . While there is only a moderate relationship between intrabone proportions and body proportions, it appears that the comparison between the mediolateral metaphyseal breadth of the distal femur and maximum femoral length (intermetaphyseal length) is indicative, to some extent, of body proportions in young children, albeit with a fairly wide range of variation (Ruff et al., 2002) . Comparison of this ratio in Qafzeh 10, Lagar Velho, and La Ferrassie 6 (Ruff et al., 2002) shows that the former two specimens are more similar in proportions to each other (18.6% and 22.1%, respectively) than either is to La Ferassie 6 (27.1%).
We calculated this index (Table 8 ) with the original published measurements for Dederiyeh 1 (Kondo et al., 2000) and La Madeleine 4 (Heim, 1991) , and the results confirm that Dederiyeh 1 (27.5%) is similar to La Ferrassie 6 (average of both sides ¼ 26.8%) in its distal femoral proportions (i.e., high index), while La Madeleine 4 (20.4%) is similar to Qafzeh 10 (18.1%) and Lagar Velho (22.1%) in their low index. It is thus surprising that the value in the Cova Negra specimen (21.8%) is similar to the mean of the older subgroup of modern children (21.9 AE 1.9) and the Homo sapiens fossils, and far from the values shown by the young Neandertals. Ruff et al. (2002) have determined that this ratio declines with age, as femoral length increases, which is confirmed by the medieval Spanish samples (mean of the younger sample ¼ 23.9 AE 2.3). In addition, according to the data on modern children from Kondo et al. (2000) , this ratio decreases from 24.8% in a sample of 1e2-year-old children to 22.7% in a sample of 3e4-yearsold children. The distal femoral proportions in the Cova Negra specimen are similar to those in a modern child of 4e6 years of age; only if we compare this specimen with the femora of modern children older than six years of age would the distal metaphyseal proportion fit the Neandertal pattern. Thus, there appears to be a degree of variation in body proportions among young Neandertal individuals, but additional fossil specimens would be needed to confirm these results.
Although appropriate cautions must be kept in mind when estimating body size and proportions in both children and adult fossils, we have estimated the body mass of Femur I using prediction equations developed by Ruff et al. (2002) for a sample of modern children with ages from 3.5 to 5.5 years. According to Ruff et al.'s (2002) results, the single best predictor of body mass is metaphyseal mediolateral breadth of the distal femur, and the multiple regression (r ¼ 0.868) with the smallest standard error combines the latter variable with femoral intermetaphyseal length. The estimations for Femur I using these two formulae are 13.5 kg and 12.4 kg, respectively, with an average of ca. 13 kg.
This body-mass estimate is very low for the estimated age of 5 years for the individual represented by Cova Negra Femur I. Data reported for samples of modern children from different populations (Marrodán et al., 2003; Ortega and Meléndez, 2003; Pardo and Roville, 2003; Rolland et al., 2003) all yield similar results: 13 kg is a low (although within the range of variation) body mass for a child above 2 years of age. Furthermore, the estimated body mass for Femur I is well below the 3-, 3e4-, and 5-year-old means for these same modern human samples. Ruff et al. (2002) reported a similar body mass (13.2 kg.) for Lagar Velho and also noted that this is a small value for modern Euroamerican children of his/her age (4.2 years old). Thus, the Cova Negra individual apparently had a small body weight for his/her age compared to modern children in general.
We have also estimated the stature for the individual represented by Femur I, relying on the data and techniques of Telkkä et al. (1962) . Given that the sex of this individual is unknown, we have calculated the stature based on both male (94.0 cm) and female (93.0 cm) children and averaged the results, yielding a stature estimate of 93.5 cm. This height estimate is similar to the 50th percentile of the range of variation in a sample of 2.5-year-old modern American white juvenile males, but it is below the lower limit of the range of variation for samples of modern children aged 3e4, 4, and 5 years (Kondo et al., 2000) . Kondo et al. (2000) estimated statures for three immature Neandertals using the regression formulae of Telkkä et al. (1962) for the femur. We have averaged right and left side and male and female estimates reported by them for Dederiyeh 1 (81.1 cm), Roc de Marsal (82.2 cm), and La Ferrassie 6 (82.2 cm). The Cova Negra value (93.5 cm) is well above the stature estimates for these immature Neandertals, reflecting its older age at death. The stature estimates for both Roc de Marsal and La Ferrassie 6 fall below the modern human range of variation for their estimated age at death.
The results for the Cova Negra specimen should be treated with caution, as estimating stature and body mass in fossil specimens necessarily involves relying on living analogues, which are imperfect models. Proportions of limb-bone lengths to stature and body mass are different between Neandertals and modern humans, and relative limb length and body breadth vary ecogeographically in modern and earlier humans (Trinkaus, 1981; Holliday, 1999; Holliday and Ruff, 2001 ). Wide variation is also known to exist in the correlation of long-bone length to stature between sexes and populations (Feldesman, 1992; Feldesman and Fountain, 1996) , and estimates from upper-limb bones provide different results than those based on lower-limb bones (Kondo et al., 2000) . Furthermore, it is difficult to estimate the precise age at death for immature and adult fossil specimens, especially when using isolated postcranial elements, which can show high intra-and interpopulation variation in their growth patterns. The majority of studies of growth patterns in Neandertals have focused on dental and cranial remains (Tillier, 1992; Ramirez Rozzi, 1993; Maureille and Bar, 1999; Ponce de León and Zollikofer, 2001) , with fewer based on postcranial bones (Vlcek, 1973; Tompkins and Trinkaus, 1987; Ruff et al., 1994; Thompson and Nelson, 2000) , and the developmental rate itself has been argued to be more rapid in Neandertals than in modern humans (Dean et al., 1986; Tompkins, 1996; Ramirez Rozzi and Bermúdez de Castro, 2004) .
It is difficult to believe that a 5-year-old Neandertal would have the body mass of a 2-year-old modern human. One possible explanation that should be considered is that the calendar age of the Cova Negra individual (Femur I) is younger than the estimates made using modern human developmental criteria, such as the metaphyseal surfaces, and that criteria established using modern European samples do not yield reliable results in Neandertals, who may have had a faster developmental rate.
Nevertheless, the good agreement between the stature estimate for Dederiyeh 1 based on regression formulae for the lower limbs and that measured directly on the reconstruction of the entire skeleton (Kondo et al., 2000) , suggests to us that the use of regression equations based on modern humans can be appropriately applied to Neandertal children. Thus, the results for the European Neandertal specimens, including the Cova Negra specimen, imply that they were indeed significantly shorter than their modern counterparts for a given age and suggest that further research into the relationship between dental development and postcranial growth in fossil specimens is warranted.
Distal fibular fragment (CN 42171) (Fig. 20) This specimen is the distal portion of a left subadult fibula, the maximum preserved length of which is approximately 79.0 mm. The specimen is composed of two fragments, a larger distal fragment that preserves the epiphyseal margin and a smaller, more proximal fragment, which articulate at a transverse fracture, perpendicular to the diaphyseal axis of the bone, some 58 mm from the distal end. The surfaces of the diaphysis Ruff and Hayes (1983) .
are smooth with little relief, and the main osseous borders found in adult fibulae are not apparent, indicating an age at death of younger than 6 years according to modern human standards (Scheuer and Black, 2000) . The anteroposterior and mediolateral dimensions of the distal end are 13.6 mm and 11.2 mm, respectively. At the same time, the larger distal fragment (with a preserved length of 58 mm) appears to represent approximately one-third of the total bone length. The estimated total length of the bone, then, would be around 174 mm and would correspond to a modern human infant of between 3.5e4.0 years of age (Scheuer and Black, 2000) . This age estimate is compatible with the distal epiphyseal dimensions mentioned above. In any event, it is obvious that this specimen represents a very young individual. Unfortunately, the fragmentary nature of the specimen precludes further precision in the age-at-death estimate, as well as anatomical comparisons.
Distal femoral diaphyseal fragment (CN 42318) (Figs. 21, 22) This is the distal third of the diaphysis of an immature left femur. The absence of the epiphysis, the overall dimensions, and the relief on the external surface all suggest that the specimen corresponds to an adolescent individual. The presence of thick cortical bone (Fig. 22) , as in the other Cova Negra postcranial specimens, suggests ''archaic'' affinities for this fossil. However, comparative analysis of the cross-sectional properties is complicated by the incomplete nature of the specimen, which makes it difficult to estimate the level of the natural break.
MNI and age-at-death distribution of the sample
The presence among the Cova Negra sample of numerous immature specimens, and the fact that there is very little repetition of the skeletal elements preserved, suggests that some of the remains may be associated. However, we prefer to take a cautious approach in establishing the minimum number of individuals within the sample, rather than to speculate on potential associations among the cranial, dental, and postcranial remains. As mentioned, the cranial remains represent a minimum of five individuals: one adult, one possible adolescent, two children (probably between 5 and 8 years of age), and one very young child (approximately 2 years of age). There are two additional specimens (Arsuaga et al., 1989a,b) , whose stratigraphic position clearly indicates that they represent different individuals: one child of around 5 years of age represented by the mandibular fragment and dm 2 and one young adult of approximately 18 years of age represented by an isolated I 1 . Thus, children younger than 10 years of age make up four of the seven individuals (57.1%) in the MNI of this sample.
The presence of children in Mousterian sites is not infrequent, and slightly more than half (52%) of the 77 sites with human fossils attributed to Neandertals include remains of children (Trinkaus, 1995) . The relative abundance of immature remains at Cova Negra has also been documented in other Mousterian sites from Europe and southwestern Asia. At La Ferrassie, six of the eight documented burials (75%) represent children, and both cranial and postcranial elements are preserved (Heim, 1982a) . At Amud, children constitute ten of the fifteen Middle Paleolithic individuals (66.7%), and postcranial remains are relatively frequent, including radii and femora (Hovers et al., 1995) . Finally, at Kebara, twelve of the nineteen (63.2%) Mousterian hominids represent children; however, most of these are isolated deciduous and permanent teeth, and postcranial remains are restricted to the Kebara 1 infant burial (Tillier et al., 2003) . Thus, the age-at-death distribution and the skeletal-part preservation observed in the Cova Negra sample are not unusual.
Nature of the occupation of the Cova Negra site
The paleontological and archaeological remains from Cova Negra suggest a pattern of short-term, sporadic human occupations. The mortality profile of the bat remains, with the presence of neonates and fetuses, as well as very old adults, indicates that the cave was used as a place for hibernation and raising the young. This is true even in levels where archaeological remains are relatively abundant, which suggests that the human occupations of the cave site were short in duration and spaced between long periods of abandonment (Villaverde et al., 1996) .
Other data confirm this suggestion. Carnivore marks are abundant on the faunal remains, and the anatomical parts represented in certain prey species fit the pattern seen in assemblages produced predominantly through the action of carnivores. Moreover, some bones show a complex superpositioning of carnivore toothmarks and anthropogenic cutmarks, suggesting a rapid succession of episodes of human and carnivore occupation. Further, the rabbit remains often show corrosion and fractures typical of having been transported by birds of prey, which perched along the cave walls, and numerous coprolites have also been found. Among the lithic remains, the reduction sequence is only partially represented, indicating that the human occupants tended to transport finished tools to the cave rather than manufacturing them at the site. Finally, the density of lithic and faunal remains introduced by the Neandertals is low (Villaverde et al., 1996) .
The comparison between the density of stone tools recovered during the field seasons in the 1980s with that recovered during the excavations of the 1950s (Table 10 ) reveals that the low density of stone tools is found across the entire surface area, over 200 m 2 , excavated at the site. The density of stone tools in levels 3e6 at Cova Negra is much lower than that found in Upper Paleolithic levels at other sites in the region. The higher concentration of pieces in some sectors, with substantial changes between levels, confirms that the occupations, in addition to being short and sporadic, were characterized by occupying relatively limited surface areas (10e12 m 2 ), the construction of simple hearths and repeated changes in location within the site adjusting to the changing topography of the floor surface over time, particularly with regard to the presence of large fallen blocks (Villaverde et al., 1996) .
These data seem to suggest a model of occupation of the site by a small group of individuals, with the introduction of few faunal remains and most likely a limited occupation of a few days or a week in duration. These human occupations alternated with those of carnivores, who were responsible for introducing the majority of caprine remains at the site in the upper levels of the sequence (Villaverde et al., 1996) . Similar situations have been documented at other European Middle Paleolithic sites. At the Abric Romaní in Catalonia, simple, poorly configured hearths are associated with shortened reduction sequences and a limited introduction of faunal elements, which demonstrates that the occupations were shortterm in nature (Vaquero, 1999; Vaquero and Pastó, 2001; Carbonell, 2002; Vallverdú et al., 2005) . Vanguard Cave in Gibraltar also shows a simple hearth associated with a reduced assemblage of molluscs and coprolites (Barton, 2000) . In Germany, Conard and Prindiville (2000) emphasized the low density of lithic and osseous remains and the short duration of the human occupations, alternating with the presence of carnivores. Finally, a similar scenario of alternating human and carnivore occupations has been proposed for the Grotte Tournal in southeast France (Patou-Mathis, 1994). The archaeological evidence for a heightened mobility and a low density of occupation at Cova Negra contrasts with the relative abundance of human remains recovered, and the origin of the accumulation of human fossils is unclear. Aside from the presence of two depressions produced by the teeth of a small carnivore on the external face of one parietal fragment (CN 42174b; Fig. 11 ), the rest of the human bones recovered show no evidence of such modification. The condition of the human remains contrasts with that of the herbivore remains, which show abundant evidence of carnivore action. The lack of carnivore marks and the good state of preservation of the human remains, including complete long bones, suggests that the role of carnivores in the accumulation of the human remains was minimal.
At the same time, the spatial concentration of most of the remains in the southern section of the cave, as well as the similar ages at death and nonrepetition of skeletal parts in many of the immature individuals and the presence of both cranial and postcranial elements suggest that some of the remains may represent a disturbed burial. The survival of complete long bones, particularly the relatively fragile radius and metatarsals, also points to a burial. However, no mention of any burials was made in the field notes during the earlier excavations at Cova Negra, and it is impossible to verify their presence from the documentation available to us today.
Conclusions
The Cova Negra specimens constitute an important contribution to our understanding of the late Pleistocene Neandertal population, and the abundance of the remains makes the site one of the richest and most important on the Iberian Peninsula. Furthermore, the presence of several very young individuals provides an opportunity to study the ontogenetic appearance of adult Neandertal characteristics in juveniles. The early development of Neandertal features in both the cranium and postcranium may indicate a different pattern of growth and development in these hominids in comparison to Homo sapiens (Ruff et al., 1994; Thompson and Nelson, 2000; Ponce de León and Zollikofer, 2001) , a suggestion recently supported through the study of dental-formation rates (Ramirez-Rozzi and Bermúdez de Castro, 2004) . The presence of thick cortical bone in the femur and radius from Cova Negra indicates the early onset of this characteristic and suggests that it is a systemic feature of Neandertal growth and development (Ruff et al., 1994; Churchill, 1998) .
Neandertal features have been identified in several of the Cova Negra specimens. Arsuaga et al. (1989a,b) emphasized the subcircular profile in norma occipitalis of Parietal I, the presence of multiple mental foramina and a steeply sloped mylohyoid line in the mandibular fragment (CN 7755), the presence of a fovea posterior in the associated dm 2 (CN 7755), and the degree of shoveling in the I 1 (CN 7856) in arguing for Neandertal affinities in these specimens. In the present study, the subcircular profile in norma occipitalis of Parietal II, the suprainiac fossa on the occipital fragment CN 42170-7312, the internally placed cusp tips on the M 1 crown, and the medial orientation of the radial tuberosity are further evidence of Neandertal affinities in the Cova Negra hominids. In addition, the presence of a subtrochanteric fossa in Femur I and thick cortical bone in several of the postcranial remains are primitive conditions retained in Neandertals, but not seen in living humans. The remaining fossils fall within the range of anatomical variation encountered in this Pleistocene population. Their Mousterian archaeological context, late Pleistocene age, and geographical location in western Europe clearly indicate that all the human remains from Cova Negra represent Neandertals. The archaeological evidence at Cova Negra is consistent with a high level of mobility in the Neandertal population and a low density of occupation of the site, as has been inferred at other European Middle Paleolithic sites. Fig. 2 ).
